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ABSTRACT

This paper comprises a review of the contribution of the
small- and medium-sized manufacturing business sector to the US
defense 1ndustr1al base, the state of adoption of modern process
technology in small- and medium-sized manufacturing in five
industry groups, a review of the National Institute of Standards
and Technology's Manufacturlng Technology Program and its
performance evaluation processes, and recommendation for features
of future DOD manufacturing improvement programs.
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ABSTRACT

This paper comprlses a review of the contribution of the
small- and medium-sized manufacturing business sector to the US
defense industrial base, the state of adoption of modern process
technology in small- and medium-sized manufacturing in five
industry groups, a review of the National Institute of Standards
and Technology's Manufacturing Technology Program and its
performance evaluation processes, and recommendation for features
of future DOD manufacturing improvement prograns.
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SMALL BUSINESS MANUFACTURING - AN IMPORTANT COMPONENT OF
THE US DEFENSE INDUSTRIAL BASE

Section 1 -~ Introduction

Challenges in the US Defense Industrial Base

The end of the Cold War has caused profound global political
and economic changes. The resulting downsizing and restructuring
of global defense industries has left US strategic defense
planners with the difficult task of fostering the vitality of the

surviving US defense technology industrial base.

The defense technology industrial base is that alliance of
people, institutions, technological know~how, and facilities used
to design, develop, manufacture, and maintain the weapons and
supporting defense eguipment needed to meet US national security
objectives. This base consists of three broad components: a
research and development component, a production component, and a
maintenance component, each of which includes private and public
sector employees and facilities.! The private sector consists of
the major defense contractors and their suppliers, which includes

small business manufacturers.

US defense companies, both large and small, have implemented
different strategies to adjust to industry over-capacity in the
shrinking market. These strategies include commercialization of
defense technologiés, restructuring, consolidation, or even
abandonment of the defense business. Additionally, there is
intense competition between government and industry for their
"proper" share of the remaining research and development and
depot work. When this process of government and private

downsizing reaches dynamic equilibrium, it is crucial to US




security that the resulting defense industrial base, (government
and industry, large and small business) be viable and capable of
meeting our future evolving defense needs. One certain outcome
of downsizing will be the increased dependence of the defense
sector on the commercial base for both production capacity and
technology advancements, particularly for common components where

a strong commercial market exists.
The Commercial Industrial Base

One aspect of the increased integration of the industrial
bases is the undeniable reality that a strong and competitive
commercial industrial base is vital to both US national economic

and security interests.

However, all is not well in the US commercial sector. The
US is experiencing greater competition in both foreign and
domestic markets for all products. US consumers increasingly
demand quality products of world class design, products which
incorporate timely innovations, and are supported by easily
accessible, comprehensive customer service. These demands are

often met by more responsive foreign suppliers.

One consequence of global competition is that there is a
growing US commercial reliance on foreign sources for goods and
services including those of high technoclogy. Although US science
and technology remains world class, US industry has been unable
to exploit many commercial possibilities of new technologies,
e.g. consumer electronics, fax machines, and the copying machine
industries. As markets are lost, the US loses manufacturing
jobs, industrial capabilities, sources of export income, and

opportunities to expand its future technological frontiers.




Without changes in the way government and business operate, this

declining cycle is expected to continue.

Government's Role in Promoting Technology

There is general political acceptance that one role for
gove.nment is to provide policies and programs, when needed, that
improve the operation of the private sector. There are number of
DOD programs that are structured to improve manufacturing

efficiency and competitiveness of the defense industrial base.

One successful program is the DOD manufacturing technology
program, or MANTECH, which focuses on improvements to manufacturing
technologies that support defense needs. MANTECH is credited with
improvements in the manufacture of composite materials, in
shipbuilding technology, and in turbine engine repair. It is

funded at $297 million for Fiscal Year 1993.

The latest DoD program is the Advanced Research Projects
Agency (ARPA) managed technology reinvestment program, whose
objectives are to facilitate diversification and deployment of
defense technologies to commercial processes and products. The
National Defense Authorization Act for Fiscal Year 1993, PL 102-
396, directed to the issues of national defense technology and

industrial base. It authorized $694 million for Fiscal Year 1993.

In downsizing the defense industrial base, one should not
overlook the need to improve the manufacturing capabilities and
commercial competitiveness of small business manufacturers as
future sources of defense hardware components. However, no defense
program is directed specifically to needed improvements in the
competitiveness of the small business manufacturing sector of the

defense industrial base. One non-defense approach to improve the

-3 -




competitiveness and productivity of small business is the National
Institute of Standards and Technology's (NIST) Manufacturing
Technology Program. This is a program with Fiscal Year 1993
funding of $15.7 million. The NIST program provides a useful model
for industry-government cooperation in improving the
competitiveness of the small business manufacturing sector of the

industrial base.

This Paper's Focus

This paper will focus on the contributions of small- and
medium-sized manufacturing business sector to the US defense
industry, the state of adoption of modern manufacturing process
technology in five indusry groups, a review of the NIST
Manufacturing Technology Program, and recommendations for features

of future DOD manufacturing improvement programs.

Section 2 ~ Why small business manufacturing is important

Small Business in the US Economy

The share of the US Gross Domestic Product (GDP) belonging to
the manufacturing sector is nearly nineteen percent, sharing with
the service sector as the leading sectors of the GDP.? Small firms
represent a sizable portion of US manufacturing. Small and medium-
sized firms (those below 500 employees) account for 35 percent of

3

the manufacturing work force.® 1In some important industries the

small business contribution is larger.

Employment growth in the small business sector is strong. The
U.S. small Business Administration reports that for the period 1988
to 1990 job growth for all small business was 3.1 million, while
jobs in large business decreased by .5 miilion. In the

manufacturing sector the total loss of nearly 1 million jobs was

_4 -




confined to big business while in the same period the number of

jobs in small manufacturing businesses showed a slight increase.‘

Small Business in the Department of Defense

Surprisingly, small business provides between forty and fifty
parcent of the dollar value of DOD procurement. Table 1 shows that
in the Department of Defense over 20 percent of the prime contract
dollars goes to small business. Table 2 shows that of the
remaining 80 percent that does not go directly to small business,

34 percent of that dollar value is subcontracted to small business.

Table 1. Department of Defense Primary Contract Awards for Fiscal
Year 1992 Categorized by Total Business and Small Business for the
Total Department and for the Services.

ALL SMALL PERCENT
CATEGORY BUSINESS BUSINESS SMALL
($ Billion) ($ Billion) BUSINESS
TOTAL 117.2 24.0 20.8
ARMY 25.3 6.1 24.2
NAVY 38.2 7.6 20.0
AIR FORCE 33.7 4.7 13.8
DEFENSE LOGISTICS 7.3 3.0 40.6
AGENCY
OTHER DEFENSE 9.9 1.6 15.9
AGENCIES
| CIVIL FUNCTIONS 2.7 1.0 38.3




Table 2. Small Business Score Card, Percent of All Subcontracting
Dollars Awarded to Small Businesses by Large Defense Contractors,
Fiscal 1991.°

Company Percent Company Percent
Small Small
Business Business
Boeing 10.2 Martin Marietta 21.4
General Dynamics 38.4 McDonnell 15.8
| Douglas
“-neral Electric 38.9 Northrup 12.5
Grumman 30.0 Raytheon 51.8
Hughes Aircraft 42.9 TRW 37.2
Lockheed 3.9 United 46.1
Technologies
Large Defense Contractor Average 34.0

Section 3 -~ The state of process automation in US industry

Bureau of Census Findings

The 1990 report of the MIT Commission on Industrial
Productivity observes that, overall, US business has been slow at
adapting appropriate process technologies that are required to
remain competitive in global markets.’ This is even more evident

for small business.

In the latest survey of manufacturing process capabilities
conducted by the Bureau of the Census in 19883, nearly 10,000
companies with over 20 employees were reviewed. The survey
covered the use of seventeen available manufacturing process
technologies in five basic manufacturing industries. This survey
is an indicator, although imperfect, of overall industry

modernization.
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. The five industries reviewed in this survey are identified
by the standard industry classification (SIC) two digit codes.
They are: 34 Fabricated Metal Products, 35 Industrial Machinery

and Equipment, 36 Electronic and Other Electrical Equipment, 37

Transportation Equipment and 38 Instruments and Related Products.
A detailed four digit listing of the industry classification is

listed in Appendix A.

Table 3 summarizes the results. Surprisingly, nearly 24

percent of the companies surveyed used none of the seventeen

process technologies. Technology use varied among industries.
For example, computer use on the factory floor, an indicator of

computer integrated manufacturing, ranged from a low of 21

percent for Fabricated Metal Products, (SIC 34), to a high of 35
percent in Industrial Machinery, (SIC 36). Guided vehicle
systems exhibited the lowest use in all five industries, perhaps
indicating that this is either an inappropriate technoclogy for

these industries or one that is not cost effective.

Table 4 shows that the degree of adoption of process
technology strongly increases with plant size. In addition to
utility, one consideration affecting technology acceptance is its
relative affordability, which increases with capitalization and
plant size. Clearly, the decision to invest $100,000 in new
technology has a greater impact on the survival of a small

business than it does on a larger business.

Nearly one-third of the Fabricated Metal Products (SIC 34)
plants used none of the technologies, which is the lowest
adoption rate of the five industries. As shown later, this

industry (SIC 34) has also the highest fraction of small plants.




Table93. Industry Use of Process Technology by Two-Digit Industry

Code.

34 35 36 37 38 Ave
Design & Engineering
Computer Aided Design 26.8 43.2 | 48.5| 39.9 48.9 39.0
CAD controlled 13.1 21.6 16.0 ] 16.6 14.6 16.9
machines
Digital CAD 6.5 11.0 12.8 10.0 12.5 9.9
Flexible Machining & Assembly
Flexible 9.0 11.0 11.9} 12.6 10.8 10.7
Manufacturing Systems
NC/CNC Machines 32.2 56.7 34.9| 37.3 33.6 41.4
Materials Working 2.9 3.6 7.5 6.0 4.3 4.3 I
Lasers
Pick/Place Robots 5.7 13.1 | 10.4 . I
Other Robots 4.4 . 6.9| 10.5 4. .
Automated Material Handling
Automatic Storage/ 1.0 3.6 4.9 4.7 4.2 3.7
Retrieval Systems
Guided Vehicle 0.8 1.7 1.8 3.3 1.3 1.5
Systems
Automated Sensor Based Inspection
Materials Receiving 6.7 8.5 16.2 | 12.7 12.2 10.0 I
Final Product 8.3 9.9 22.2 | 14.4 15.4 12.5 ﬂ
communication & Control i
LAN for Tech Data 13.4 18.5 24.9 22.0 25.8 18.9
Factory LAN 11.6 16.3 21.1 18.7 21.3 16.2
Intercompany Computer 14.9 12.4 16.2 | 21.7 13.8 14.8
Network
Programmable 26.8 | 33.9| 38.0 32.0 | 32.7 | 32.1
Controllers
Computer Used on 21.1 28.1| 34.5| 27.4 32.3 27.3
Factory Floor

Note: The report did not prorate non-responses.




Table 4. Use of Technologies by Industry Group and Plant Size'°

q

Technologies Used None At Least 1 5 or More

Employment Size
20 to 99 30.5 60.9 13.2
100 to 499 10.1 83.2 27.4
500 and over 1.5 93.7 79.4

SIC Major Industry

34 Fabricated Metal 32.6 58.6 17.0

Products

35 Industrial Machinery 18.1 75.6 23.1

36 Electronic Equipment 17.1 73.4 30.1

37 Transportation 28.2 62.7 28.7
Equipment

38 Instruments 21.3 72.3 25.8

ote: e referencea survey did not prorate non-responses.

Table 5 shows that in each industry, companies with 500

employees or less account for over 97 percent of the plants.

small business share of total industry varies greatly among the

five industries. However, in the Transportation Equipment

industry (SIC 37), which includes both automotive and aircraft

manufacture, small business suppliers account for only 4.9

percent of the sales with 7.9 percent of the employment. 1In

Fabricated Metal Products (SIC 34), small business represents the

largest percent of the sales and employment, 54.5 percent and

59.2 percent respectively.

The




Table 5. A Summary of Business Statistics for the Five Industry
Groups.
8IC 34 35 36 37 38
Total Industry Data
COnpanies 31,181 47,465 12,818 8,727 8,407
Employees 1,363.7 2,101.7 1,630.0 3,081.8 1,389.9
(Thousands)
! Payroll 31.7 60.8 40.6 101.6 40.3
($ Billions)
Sales 130.0 207.7 459.2 135.7

($ Billions)

153.2

Industry Data for Companies with 500 employees or less

Companies 30,916 46,748 12,505 8,527 8,225
Employees 806.9 869.9 462.1 244.4 229.6
(Thousands)
Payroll 17.4 21.3 8.9 5.1 5.4 l
($ Billions)
8ales 70.8 71.7 34.3 22.3 19.3
($ Billions)

Percent of Industry with 500 employees or less
Companies 99.2 99.2 97.6 97.7 97.8
Employees 59.2 41.4 26.1 7.9 16.5

Payroll 55.0 35.0 21.9 5.0 13.5
Sales 54.5 34.5 22.4 4.9 14.2

o o . e e )
Note: Total industry data is prOJectea from the survey sample.

Table 6 is a summary analysis of census data providing a

macro lock at measures of change in average productivity with

factory size.

employee and payroll per employee.

There are two productivity measures: sales per

Average sales per employee

varies among industries, representing, in part, industry

differences in the portion of purchased material used in their

final products.
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Review of Table 6 shows two features of interest: (1)
productivity, using either measure, increases with plant size and
(2) the most technology rich industry, Transportation Equipment,
(SIC 37), shows the highest average salary, while the least
technology-adopting industry, Fabricated Metal Products, (SIC

34), shows the lowest average salary.

Table 6. A Summary of Average Productivigy Measures for the Five
Industries Over the Range of Plant Size§.1

Number of 34 35 36 37 38 =T
Employees

S Sales / Employee

ﬂ 1 to 49 80,439 70,088 77,496 87,425 80,091
50 to 99 85,754 85,796 76,365 88,576 83,049
" 100 to 249 95,247 94,703 79,339 96,891 89,375
“ 250 to 499 98,886 103,580 90,147 92,661 84,686
“ 500 & over 106,322 110,372 98,744 153,957 100,284
lﬁAverage 95,349 98,817 93,997 148,997 97,616
H $ Payroll / Employee
H 1 to 49 20,395 22,769 20,198 19,723 22,870
H 50 to 99 22,369 25,929 21,050 20,889 23,161
“ 100 to 249 22,539 25,941 20,537 21,753 24,059
|| 250 to 499 23,320 26,297 22,085 21,593 24,627
" 500 & over 25,610 32,131 _ 26,348 33,997 30,095
lAhverage 23,232 28,950 24,917 32,960 29,029

In the 1988 survey, over 42 percent of the responding
companies reported that they did business with the defense
sector. The reported use of the process technologies was higher
for these companies than for the total, with 82 percent reporting
using at least one technology, versus 76 percent for the whole

sample.




Table 7 (below) shows this trend at the process technology
level. Companies that identify the government as their major
customer have higher technology adoption rates than those
companies supplying either the consumer or commercial sectors.
One may conjecture whether the DoD acquisition regquirements and
processes fosters the growth of higher technology companies, or
whether only those companies that have the assets to acquire
technology have the capability of also dealing with DOD or its

prime contractors.
SUMMARY

Nearly 50 percent of DOD procurement is with small business.
Companies with 500 employees or less are a major component of
commercial manufacturing plant and sales. For the five
manufacturing industries reviewed, businesses with less than 500
employees represent over 97 percent of the companies and over

$215 billion in total sales.

On the average these businesses are less productive, with
average productivity decreasing with decreasing plant size.
These companies are also less modern, as measured in the rate of

adaption of modern process technologies.

Companies that report doing business with either DOD or
government indicate a higher use of process technologies than do
the average companies. The reason for this effect is open to

conjecture.

All government and DOD initiatives to improve US
manufacturing productivity and competitiveness should include the
needs of the important small- and medium-sized manufacturing

sector.

- 12 -




Table 7. Percent Use of Selected Technologies by Market for

Most Products®

Cconsumer Com- Govern | Ave-
mercial ment rage
[-Dcsign & Engineering
Computer Aided Design 27.6 49.1 57.0 39.0
H CAD controlled machines 9.7 19.3 30.1 16.9
E Digital CAD 8.8 13.2 17.8 9.9
Flexible Machining & Assembly
ﬂ Flexible Manufacturing 11.8 13.8 12.7 10.7
Systenms
lﬁNQjCNC Machines 23.9 41.7 62.0 41.4
Materials Working 3.6 5.2 10.4 4.3
Lasers
kpick/Place Robots 12.5 10.1
Other Robots 7.3 . 8.4 .
Automated Material Handling
Automated Storage/ 2.7 4.5 5.9 3.2
Retrieval Systems
Guided Vehicle Systems 1.9 2.0 2.0 1.5
Automated Sensor Based 10.2 11.5 19.2 10.0
Receiving Inspection
H Automated Sensor Based 11.0 14.4 23.0 12.5
Final Inspection
“ Communication & Control
I LAN for Tech Data 16.1 24.4 28.8 18.9
Factory LAN 17.2 22.0 22.8 16.2
Intercompany Computer 17.5 16.4 13.9 14.8
Network
Programmable Controllers 34.5 34.3 39.4 32.1
27.1 33.0 41.0 27.3

Computer Used on Factor
Floor :

_13_




Section 4 - NIST Program - Manufacturing Technology Centers

Manufacturing Teconology Centers: The Concept and Its Legislation
One successful government program to improve the efficiency

and competitiveness of small manufacturing businesses was the
establishment of regional manufacturing technology centers by the
Japanese government following World War II. These centers
provided small businesses with technical support on a range of
manufacturing problems. The concept gained wide acceptance and

today there are over 170 centers throughout Japan.

A prototype manufacturing technology center program was
begqun here under the Omnibus Trade Act of 1988. Title V,
Subtitle B, Part I of Public Law 100-418, of this Act is known as
the "Technology Competitiveness Act". It authorizes the Director
of the National Institute for Standards and Technology (NIST) to
provide assistance in the creation and support of Regional
Centers for the Transfer of Manufacturing Technology. These
Centers are affiliated with non-profit organizations. The
objectives of the Centers are to enhance productivity and

technological performance in US manufacturing through

(1) the transfer of manufacturlng technology and techniques
developed in the Institute to the Center and, through then,
to manufacturing companies throughout the Unlted States;

(2) the part1c1pat1on of individuals from industry,
unlver51t1es, State governments, other Federal agents, and,
when approprlate, the Institute in cooperative technology
transfer activities;

(3) efforts to make new manufacturing technology and
processes usable by the United States-based small- and
medlum-51zed companies;

(4) the active dissemination of scientific, englneerlng,
techn1ca1 and management information about manufacturing to
in 1ndustr1a1 firms, including small- and medium-sized
manufacturing companies; and

- 14 -




(5) the utilization, when appropriate, of the expertise and
capability that exists in Federal laboratories other than
the Institute.

The activities of the Centers shall include -

(1) the establishment of automated manufacturing systems and
other advanced production technologies, based on research by
the Institute, for the purpose of demonstrations and
technology transfer;

(2) the active transfer and dissemination of research
findings and Center expertise to a wide range of companies
and enterprises, particularly small- and medium-sized
manufacturers; and

(3) loans, on a sglective, short-term basis, of advanced
manufacturing equipment to small manufacturing firms with
less than 100 employees.

The Secretary of Commerce is authorized to fund a Center for
up to six years. For the first three years federal funding is at
level not to exceed either $3 million or 50 percent of the
Center's capital, operating and maintenance requirements. The
Center and its sponsor provide the remaining support. During the
third year, the Act requires that an independent review board
assess each Center's performance against the objectives of the
Act. If the evaluation is positive, the Secretary may continue
funding at declining levels through the sixth year. At year

seven, each Center will be self supporting.

Manufacturing Technology Center Program Implementation

There are currently seven Manufacturing Technology Centers.
The Centers serve client needs that are unique to their
particular regions. They provide services such as in-depth
assessments of client business operations, aid in selecting and
implementing new technologies, technical service, project work

and training.
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Each Center is required to report quarterly on its
accomplishments, progrém and personnel changes, marketing,
budgets, and general program information. Center accomplishments
include technology transfer, training, demonstrations, projects
inveolving industry/user collaborations, patents and inventions,
publications and presentations, and equipment and facility
acquisitions. Program information includes an evaluation of the
econonic benefits realized by the industrial clients. The

centers are listed in Table 8.

Table 8. The National Institute of Standards and Technology
Manufacturing Technology Centers.

[== Center Location | Founded | Region Served Major
81IC

Northeast Troy, New 1989 New York, 34XX
Manufacturing | York Massachusetts, 35XX
Technology Pennsylvania,
Center and Maine

I Great Lakes Cleveland, 1989 Ohio, 34XX i
Manufacturing | Ohio Pennsylvania, 35XX
Technology Indiana and
Center Great Lakes
Southeast Columbia, 1989 South Carolina 24XX
Manufacturing | South 308X
Technology Carolina 36XX
Center
Mid-America Overland 1991 Kansas and 34XX
Manufacturing Park, Kansas Kansas City, 352X
Technology MO area 372X
Center
Midwest Ann Arbor, 1991 Michigan 3429
Manufacturing | Michigan 371X
Technology
Center
California Torrance, 1992 Torrance Area 376X
Manufacturing | California
Technology
Center
Upper Midwest | Minneapolis, | 1992 Minnesota 308X
Manufacturing - | Minnesota 34XX
Technology 35XX
Center

~
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Table 9. Year end Summary of the Activities of the Great Lakes
Manufacturing Technology Center.

Activity 1989 1990 1991 1992
Manufacturers 1,254 1,601 2,028 675
contacted
Projects started 151 332 94 154
On-site 9 16 26 29
assessments

| workshops, 16 18 20 37

! seminars and

;forums

| Companies using 0 0 142 118

| demonstration

| facilities

| Federal 1l 0 NA NA

| technologies

1transferred

! Bstimated 10 80 34 74
—

Table 9 summarizes the services provided by Great Lakes MTC,
which are typical of MTC activity. 1In 1991 the Government
Accounting Office reviewed the performance of the first three
centers for the first thirty morths of operation. The 1989 and
1990 values of Table 9 are taken from the GAO report.' The 1991
and 1992 values were provided by the MTC. NIST reports that for
the first three centers, the clients reported a total dollar
benefit to their companies of $226 million from 1989 through
March 1993.' This is an unusually high return on the
government's investment, greatly exceeding the government's
maximum annual contribution of $9 million for the three centers.

The major benefit of the program was not that it succeeded
in transferring the latest technologies to the client, but that
it provided the appropriate, and generally low technology

solution that satisfied the client's immediate needs.
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Manufacturing Technology Center Program Evaluation Panel

As required in the law, an independent panel is selected to
review the performance of the program and its centers and to
report their findings to the Secretary of Commerce. In 1992 the
Third Year Review Panel'® recommended "that NIST, in consultation
with the MTCs and others develop, develop criteria for evaluating
three areas (1) MTC performance; (2) agreed-upon methods for
evaluating the effectiveness of both individual MTCs and the MTC

program; and (3) standardized means of describing program

activities. These program-wide tools might include the

following:

Measures for assessing the needs of small~ and medium-sized
firms for advance manufacturing technology and technological
assistance.

Measures for assessing the needs for new and ex1st1ng
manufacturing technologies so that MTCs can identify service
delivery priorities among clients, industries and regions.

MTCs can identify service delivery priorities among clients,
industries, and regions.

Measures for determlnlng the rate of adoption of new and
existing technologies by MTC clients.

Evaluation methods, including specification of control
groups, for 1dent1fy1ng the MTC's contribution to the
technological modernization of their clientele.

Standardized formats among MTCs for assessing the benefits
of their service to clients.

Criteria for establishing and evaluating an MTC broadened
beyond federal technology."'!’

As a consequence of these recommendations of the independent
panel, NIST established the NIST/MTC Evaluation Working Group to
develop the standardized reporting tools. NIST and each MTC had
representatives on the Working Group. The products of this

Working Group will be discussed in the next section.
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The Third Year Review Panel recognized that, in practice,
productivity gains for the clients were normally achieved using
proven technology that was appropriate to the problem. The
transfer of advanced technologies, emphasized in the current
legislation, did not meet the immediate needs of most small- and
medium-sized manufacturers. Major productivity gains were often
achieved.through the application of low cost, low technology

solutions.
NIST C Evaluaticn Working Group Proposals

The report of the NIST/MTC Evaluation Working Group is

summarized here.®

The goal of the Working Group was to develop
a systematic evaluation tool to monitor the performance of each
MTC and its impact on the clients served. The tools are (1)
Center Performance Measure, (2) Client Valuation of Center

Impact, and (3) Client Performance Measures.

The Center Performance Measure requires all MTCs to report
their performance quarterly in the new standardized format. 1In
addition to financial and staffing reports, each MTC provides
statistics on services it provided and on the technical
assistance it provided (subdivided by category.) The quarterly
report summarizes the number of site visits, initiations of
informal no fee client contacts, formal client operation
assessments, new technical assistance projects, number of sites
served and the number of employees at each site, attendance at
MTC sponsored training events, and the MTC proposal "hit rate,"
or projects initiated relative to total projects proposed,

expressed in terms of both dollars and number of proposals.

- 19 -




The report records frequency of service provided to clients
for a number of technical categories. These include CAD/CAM/CAE,
EDI/Communication/LAN, Business Systems/Business Management,
Environmental, Quality/Inspection, Plant Layout/Manufacturing
Cells, Automation/Robotics, Control Systems/Integration, Market

Development, Material Engineering, and Quick Changeover/Setup.

When a project is completed, the second report, Client
Valuation of Center Impact, is submitted to the MTC and
summarized in the subsequent quarterly report. The client
provides the MTC a voluntary, subjective evaluation of the annual
benefit that it saw from the MTC service. Six standard measures
are requested for the MTC project(s): changes in annual sales,
changes in investment, capital spending avoidance, changes in
inventory relative to sale levels, changes in labor and material
costs relative to sales, and the number of jobs created, saved,

for lost].

Because the client may not have specific values for these
measures, the client's subjective judgement is accepted as
adequate for the survey. The evaluation form also provides the
client with an opportunity for open-ended reactions and a
subjective overall evaluation of the project's value. When a
client provides partial survey results, the MIC is encouraged to
extrapolate the results to complete the response. One potential
issue is that lacking a rigorous consistent standard for the
evaluation of savings, the MTC's "Estimated Company Savings"

value should be used with‘caveats.

The third evaluation report consists of the Client
Performance Measures which are submitted annually by clients that

are actively served. The NIST/MTC Evaluator Working Group
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selected a limited number of objective measures that they
anticipate to be both easily available to the clients and
sensitive to the results most clients expect. The Client
Performance Measure establishes a baseline of the client's
performance for the year prior to service, and compares that to

the performance during the year following the project.

The nine measures of performance selected by the working
group are (1) Scrap Rate (Scrap Dollars/Sales); (2) Number of
employees using computers, or programmable machine controllers,
at least weekly; (3) Overall inventory turns (sales/inventory);
(4) Sales per employee; (5) Manufacturing lead time; (6) Total
sales; (7) Export sales; (8) Employment; and (9) Average payroll

per employee.

Section 5 - Consideration for non Ouantifiable Program Benefits.

The NIST measures of company performance meet the dual
requirements for measures that are easily accessible and
sensitive to the likely desired service results for the client.
The effort of the Working Group has been thorough and its
selection of a limited number of quantifiable benefits is

comprehensive.

Additional useful insights, however, could be easily
provided by including a short list of non-quantifiable benefits
that addresses additional aspects of the MTC service. Following
an extensive review of the literature referenced in the
bibliography, I propose an additional survey instrument, which is
found in Table 10. These are common features seen in those
companies that compete effectively in the global market.
Addressing these features provides focus for companies that are

striving to improve their overall competitiveness. Table 10
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Table 10. Proposed Non-Quantifiable Measures for the
Manufacturing Technology Program for inclusion in the Client
Progress Measures.

ATTRIBUTES

PRODUCTION PROCESS
INCREASED FOCUS ON PRODUCTION PROCESSES
LIHPROVED PROCESS FLEXIBILITY
INCREASED PRODUCT VARIETY
DECREASED LOT SIZE
ADOPTION OF BEST MANUFACTURING PRACTICES

CONCURRENCY IN PRODUCT DESIGN AND PROCESS
ENGINEERING

REDUCED REWORK
HREDUCED INSPECTION
I EMPHASIS ON CONTINUOUS IMPROVEMENT
IIMPROVED PRODUCT QUALITY
ILABORA17MANBGEHENT RELATIONS
I EMPLOYEE EMPOWERMENT
REDUCED DIRECT MANAGEMENT INVOLVEMENT
INCREASED WORKER TRAINING PROGRAMS
USE _OF WORK TEAMS
OPERATIONAL PERFORMANCE MEASUREMENT/REWARD SYSTEM
IMPROVED EMPLOYEE MORALE
EXTERNAL MEASURES
IMPROVED SUPPLIER COOPERATION, DELIVERY, QUALITY
REDUCED ORDER SHIP TIME
INCREASED ON TIME DELIVERY
EDI LINKS TO CUSTOMERS/SUPPLIERS
IMPROVED CUSTOMER SERVICE
OVERALL INCREASED CUSTOMER SATISFACTION
IMPROVED ENVIRONMENTAL QUALITY

ST S e BR BE ERS SE
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lists these factors in a simple to use format. These elements
address improvements in production processes, labor management

relations and external measures.

Section 6 - NIST Program Summary
The NIST Manufacturing Technology Program effectively
addresses one major shortcoming of the industrial base -~ the
need for productivity improvements in the small- and medium-sized
manufacturing business. The program is well structured to
provide a range of consulting services at low cost that have

resulted in significant client benefits.

The overall structure of the Manufacturing Technology Center
program has a number of valuable management features that can

provide a useful model for any future related DOD programs.

The low rate of program growth provided NIST with the
opportunity to easily make early program adjustments and obtain
the maximum benefit from lessons-learned. The program's cost-
sharing and sunset provisions provides a self limiting number of
pre-qualified extension center sponsors who demonstrate their
commitment to the program objectives through their initial
financial participation and their later obligation for future

self sufficiency.

The MTC service is focused on first gaining a thorough
understanding of the client's problem, processes and resource
limitations, e.g. equipment, manpower, and financial. With this
understanding, the resulting proposed actions often require

minimal capital investments and result in high pay-back returns.
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Consistent with the program goal of productivity
improvements, NIST seeks to limit and simplify any necessary

program reporting requirements.

Another useful feature of the program is the Review Panel of
outside experts which provides valuable feed-back for continuing
improvement in the operation of both NIST and the Manufacturing
Technology Centers. Implementation of the Review Panel's
findings as a joint NIST/MTC team action produces team ownership

of both the issues and their resolution.

An additional evaluation tool is proposed to survey the
presence of desirable non-quantifiable features that are found in
global competitive companies that also provides a useful

questionnaire for MTC client interviews.
Section 7 - Conclusions and Recommendations

US global competitiveness in technology and manufacturing
are key elements to its future economic and military security.
One result of the ongoing downsizing of the defense industries is
that in the future US defense needs will rely more heavily on the
commercial industrial base for technology, capacity and
flexibility. Small and medium-sized manufacturing businesses are
an important component of the industrial base and represent

between 40 and 50 percent of DOD procurement.

In five major industry groups studied, small and medium-
sized manufacturing businesses have a significant share of both
employment and sales. These sectors are less efficient and less
modern than the industry average. Current manufacturing
technology practice in small- and medium-sized companies require
significant upgrading to meet the competitive demands of domestic

and global markets.
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The National Institute of Standards and Technology
ﬁanufacturing Technology Program provides a valuable model for an
effective government-industry partnership for future DOD defense
base improvement programs.

In a period where the Department of Defense is taking a
leading role in the management of technology reinvestment
programs, the defense contributions and needs of small- and

medium-sized manufacturing business should not be overlooked.
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APPENDIX A

STANDARD INDUSTRY CLASSIFICATIION

FOUR DIGIT CODE DETAIL DICTIONARY

34 Fabricated Metal Products

35 1Industrial Machinery and Equipment

36 Electronic and Other Electrical Equipment
37 Transportation Equipment

38 Instruments and Related Products




Incuetry
and
product Cescrouon
class
coce
k) FABRICATED METAL PRODUCTS
M1t Metal cans .o ...
34111 Steel care #C breare DrOOUCS
34112 Ak care -
24110 Meta/ cars. N3k ... comenaes
M12- Metal barrela, drums, snc palls
34121 Swel paie® .
34122 Sisel shipping barteis anc orums (Mmore than 12 galion »
M3 AB other meta’ barrels .....
341 Meatal basrels, orums, and pails, nLk
M2~
a1 Cutery, sci230rs, shears, 1 anc 3RS,
4212 Razor Dinges anC rasors, exCept #ecox .
34210 Cutiery. Ak cemeoan
345- Hand and edge 100is, ne.c.
mm Machanics’ hang SOrCE 100IS ..
34235 Dies anc mershangeabdle Ssong DOR, 10r MAChINGS ant POWS! <anven
34236 s, n.0.C
34230 Hand ant edpe 0I5, A3k
3425~ ] and saw blad
34250 * Mandsaws, ssw Diades (nanc and power), and saw
3429~ MHargware, ne.C. .
34292 Fumnifisre hardwars (exchidng roware)
34293 Vaguum anc ¥ SoTed, MSS. B¢ Chess
34296 Motor vehicls harthware .
34297 Other | WALON SO kg
34208 Other L A2
34290 Hardware, ne.o. Rk
331- | Newal senitary ware
34370 Mota) ph g ford
3432~ Plumbing Mttings and brass poods
34320 Plurntwng fortre ongs ang Tn (ress Hoods)
3433 Heating oqui Pt slectric
34333 Cast ron heatng Dobers, rIalon. BN COMECIDS, SxCePt Darts
34334 Domesic hesdng SIOves. ExCept ST (Sxchuding parts)
34338 Steel neatng dowers (£ S5l Of iS3Sl. ANC 2l MOt waler DORGME. XCRIENG DA™ .. vccvonecccecrrnascnns
34338 Floor and wall frmaces, untt PNSIETS. SN NSNS 3NC MeCharnicsl SIOk
34328 Other G STUID 1 except .
34330 Heatng eoud rak
3443~ Fadricated structural metal
34413 Fabncaled stuctral metal 1or busidings
34412 Fadncaied stucuxal metal 1or SNooes ...
34413 Other tabncaled structural Mmetal
34410 Fadricated stuctural meal, ns.k ..

REFERER EEERERERER EERERRERELE EREERED

3l
Metal doors, sash, sne trim

Me1a! window sash anc irames, exced: s1orte sash ...
Metal MOIING and thm and store frors

Mot3! COMDNIDOT Streen, SIONM SASA. ANS $:5rm BOOTS
Metal wi ang coor )} an mew e
Metsl G003, SaSh, AnC YR, NS k...

Fabvicated plate work (boiler shops)
Hes Ang stleam

3. ea2ezt tor nuciear apohe cocncen
Swe! power oiers. £ams. an¢ s ..

Gas cys

Metm! tanka. compiew at ey o )
Nuciear resctor s haery .
Meza) tanks, Complett Xt WY {SWANCHIT Ine AOND!
Metal ks anc vessels, CUSIOT TEONSates 2t Tw factory .
Mol ianks anC vessels. SUSIOT TADNCIINE ane fierd erected
Fadbneatet plate wor (Doiler ShOBS). ma.k ......

mesvesccscesossicactontancrasnssunnannas

coveeus ase

eemncatsccana sesersemacemenens
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and .
proguct Ceschpuon
class
code
k2] FABRICATED METAL PRODUCTS-Con.
3648~ Sratuty .t »- -
el Pretatwicmes mevs buliing sy xing famn sicfings, riinl tuddings, and pert. .. |
a2 Ovwr prefetvicsand and outa Duikings and pars
’ cimgn,
"‘_. Profutwicsmd et ek
34484 Fetvicmed ber jowts ot g bars.
34408 Mate plaster Dases.
34087 Curtpin wall
34408 Cumorn sl form pr
34490 Mizcgilenecus metal work, ns.k
3481~ Screw machine pr
34511 Agtomotive screw maching proch
34812 Othwr screw
34510 Screw maching products, ns.k.
3452~ Bolts, msts, rivets, and M
34524 tasteners srcraf) venen
34525 h y L arcaty)
34526 Nor d fasteners 4]
34527 Arcraft a
34528 Other formed parts
34520 Bofts, s, rivets, and washers, na k. .
3482- tron and steel forgings ......
34825 HOt Imoression e IMBACL Press. ant uosat sleel frgings
34626 Colg impression dhe EMPACy, Press. and upset sleel fOrgings.
34627 Seamiess rolied nng torgings (lerronss) (see aisO code I312AP
34628 Open dis or smath torpngs (hammer or press) (femous) (see iso coce 3N2BY .. ... cosmrnvanumarne
34620 ron ang steel forgings, ns.k
3483~ Nonderrous forgings
34835 HOU iImpression die ¥MPACY, Press. and upset NONIeToUS 1OrpInGs
34839 Other nond: forgngs
34620 forpgings, nik
ms A th r'-
34850 Job DINgs,
3486~ Crowna and ck
4881 Meta) commercial closures and metal home g ok .
34662 Meta)
34880 Crowns and ol nak
3489 Metal pinga, ne.c.
34882 Job ags. except )
34094 Sumped and spun g anc ‘
34605 Stumped and spun ing and kitchen, sxcept ak
34806 Metal spinning pr
34809 Other stamped and pressed metal enc p
34880 Mew samENgs, Ne.C. NeK
3471- | meting and '

34710 Elecroplating. pistng. and pokshing®
3479~ Metsl costing and aliled services’......

34790 Eiching. engraving, coadng. and aliet sernces*

3482~ Small arms ition

34820 Small arme ammunition, 30 T of less (O 1.18 nches O less)
MU0~ Ammunition, except for small arma, Aet ;

94831 Artillery armmunvBon, more than 30 myn (or mors than 1.18 inches)
34833 Asfvmundtion, excegt 10f small arme. ne.c

34830 A munition, except for smak arms, ne.c. As.k

3484~ Small grms .ove

34641 Mactune puns. 30 mm. or less (or 1.9E mches OF Yess) ...

34842 Small arms. 30 mm o° iess {or 1.9E nches or iess)

34540 Small s, 30 mm of less. NS K

3485 Ore ang ‘e, n.e.c.

34891 Guns, howrZers. mOna‘s. and Bt eouIomem. More Than 30 mm (or more T 5 18 MChes) .........
‘:_04392 Or ane . n.e.C.

Oronance anc actessorws. ne.C.,. NS«

3491~ .

34511

34812

34913

34914

34015 Plug vENES cceeeennnnn.. .
34936 INOUSING! VBIVES. P88 rvrrnnnn. —ene

34917 Nuciear vaives ..... vevesne

34018 AUTOMEDZ vaives (repUIRING 8NC SOTTD! type) SNC DEMS (SXCEM nuciesr?

34919 Solenoid vaives® ............

34810 Ingustris! vaives, re k. ...... [, cernessmsseserasacanenne

3492~ Fluid power vaives and hose fittings

34820 Hyaraukt vaives, exseD 3erosSate-vDe?

54922 Preumatc vaves, exseDt 3e703D058-tyDed

34523 ASTOSDECH-TyDE NyO:auks SNC PREUTRUC vaves). .

34924 FRNgS 10r MeiBl aNC DIRSICS WOMG USeZ M faC and POwer Y L.t typed ..
34925 HySraght anc DneUmatz Nose Of Lude enS MUNQS BN aSSeMbdhes. eXCOP! PE TLDASN-IYDE .. ccuccannon.
34926 ASTOSDICE-TYDE NYOTBULL SNC DNEUALZ hOse OF Tudbe end HTtings ant .’

34927 Pary tor aC power vaves? ... RN e .
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34983 Fist mew!
34995 Matal b eeen
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- A3 -
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